, x(t n )) where a = to < tί < < t n = b. The present authors earlier established the existence of J g (F) for functionals F as above under the assumption that / is factorable and bounded. In the present paper it is shown that with the f actorability assumption completely removed, J-i(F) may fail to exist even with / required to be in L p (R n ) for 1 ^ p ^ °o. On the other hand it is shown that J q {F) does exist under the rather surprising condition that /e 1,21...i2 where L21...12 is the set of all complex-valued measurable functions / on R n (n ^ 2) such that H/H21..12 = 11/11 < 00 where Cameron and Storvick introduced their operator-valued function space integrals and, in particular, their operator-valued Feynman integral in [2] . The study of these integrals has continued in [3, 4, 5, and 6] . A related function space integral associated with a general Gaussian-Markov process instead of the Wiener process has been considered in [1] .
Insofar as possible we adopt the definitions and notation of [2 and 4] . Throughout the paper we assume that F has the form given above where f is a measurable function on E n .
In Theorem 1, we establish the existence of I λ (F) for Reλ > 0. Here no factorability is required, and the hypotheses on/are minimal enough so that any bounded and some unbounded functions / are allowed. Further we show that Iχ(F) is the strong operator limit of the operators I σ λ {F) rather than just the weak operator limit as required by the definition. Comparison of Theorem 1 and the corresponding result in our earlier paper [4, p. 777] shows that, even in the factorable setting, the present result is stronger.
Theorems 2 and 3 contain the positive results mentioned above. In Theorem 3, the assumptions on F preserve "enough factorability" so that the proof can be carried out. In Theorem 2, the "sufficient condition" requires no factorability. Further work is in progress concerning this condition. The example mentioned above is perhaps the main contribution of this paper. The functional F in the example is very restricted; F depends on x only through the values of x at three points, and the associated function / on R z is severely restricted, and yet, J-^F) fails to exist. This example rules out many attractive conjectures in regard to the extent of the existence theory for J q (F) .
In the positive results concerning J q (F) the operator J q (F) is obtained as the strong operator limit of the operators Iχ(F) as λ -> -iq in C + -{λ e C: Reλ > 0} rather than just the weak operator limit as required by the definition. Further, the existence of J q (F) is obtained for all q Φ 0 as in [3, 4, and 6] rather than the indeterminate "almost every nonzero g" as in [2 and 5] .
1* Non-factorable finite dimensional functionals* Our first Theorem deals with the existence of the operator I λ {F) for Reλ > 0. 2 and ζ e (-oo, oo), let
The inequalities necessary to show the boundedness of K λ {F) will be given in some detail while similar details will be omitted later on in the proof. First note that
Hence by Lemma 1 of [2] , (|^) I λ |/Re λ) > 4(6 -α) and 1
Now the argument given in [2, p.530] shows that for λ>0, K λ (F) = Iχ{F). Further we claim that an application of Morera's theorem shows that K λ {F) is an operator-valued analytic function of λ for λ e C + . To establish this, it suffices to show that for every ψ, ψ e L 2 , h(X) = {K λ {F)ψ, φ) is an analytic function of λ in C + . To begin with one shows that h is continuous in C + . Let λ e C + and suppose that {λj is a sequence in C + such that λ;->λ. Let D be an upper bound for {|λ<|} and E > 0 be a lower bound for {ReλJ. To obtain the continuity, one applies the Dominated Convergence Theorem. The expression (2) D^ AH( So it remains to establish (i) and (ii). For the rest of the proof we consider partitions σ^ a -s 0 < s
where r 0 -a and r } is that s^ such that s κ ^ ί 3 -< s κ+ι . Hence
Now by Lemma 1 of [2] , the right hand side of 3 is an L 2 -function of ί, which establishes (i). To obtain (ii), fix ξ and note that since the integrand in the right hand side of (3) is the product of two L 2 -functions, it is integrable. Hence the integrand in the middle term of (3) and (5) where ( 6 ) and 
Thus the right side of (1) and the right side of (4) 
as 110*11->0 for almost all real ζ. To establish (i), note that for any partition α*: a = s 0 < s 1 < < s m = 6 such that 2 || σ t || < min x {ti -a, , t n -ί w _i} = d we have (see (3) and the preceding equa- is dominated by the quantity
which is in L^R^) as a function of ^1 ? , w Λ . Thus by the Dominated Convergence Theorem 
COROLLARY. Let F(x) be as in Theorem 2 and assume that fin,,
, u n ) = Πi=i/iW where f l9 f n e L 2 (-oo, co) and f ά e L,i~ oo, oo) for j -2, 3, , n -1. Then the conclusions of Theorem 2 hold.
Note that even in the factorable case, this corollary yields the existence of J q (F) for some F's not covered by the earlier Theorem [4, p. 778] as the //s above need not be bounded.
Next we come to the example which was discussed in some detail in the introduction. In addition to our earlier remarks, note that in case n -2, L 2 (R 2 ) = L 22 , so that in order to obtain an example of the type we have, one must go at least to a function / on R 3 ; R 2 is not enough.
EXAMPLE.
For convenience let a = 0, t t -1, t 2 -2, t 3 = 3 = 6. Let
). We will show that J^{F) doesn't exist by finding φeL 2 such that Um x _iI λ (F)φ doesn't exist in the weak topology on L 2 . As a matter of fact, H(ξ) = lim x^i (I λ (F)φ)(ξ) will exist for all £e(-<*>, oo) and H will be a bounded uniformly continuous function, but H$ L 2 By Theorem 1 we know that Iχ{F) exists for all λ e C + and is given by the right side of (1). For ψeL 2 let (as in the proof of Theorem 2, we use (K q (F)f)(ξ) to denote the right hand side of equations (1) and (4) 2* Analytic functions of finite sums of factorable finite-dimensional functionals* For 1 <: j ^ m, let a = t 0>j < •• < t njtί = b be a partition of [α, 6] . Also for 1 ^ i ^ m and 1 ^ i ^ %, let /# be a function of one variable. Finally, let G be a function analytic at 0. In this section we consider the existence of J g (F) where Fhas the form F(x) = G (Σ?=i Π**=i/i;[»(ίi,i)]). By multiplying, if necessary, by additional functions f iά which are identically 1, we can, and will, assume that the partitions are the same for every j. We finish the proof by showing that I λ (F) -> K q {F) in the strong operator topology as X-+-iq in C + . (Once this is done, the norm estimates on J q (F) and I λ (F) follow readily from (10) and (11).) But the desired convergence follows from (10) and (11) and the fact [4, p. 778] 
that If(F) -*J*(F) in the strong operator topology as λ -> -iq in C\
We should remark that the present theorem is related to the theorem in [4] in much the same way that Theorems 7 and 5 of [2] are related.
